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(54) Switching power supply having an improved power factor by voltage feedback 



(57) A switching power supply circuit formed by pro- 
viding a complex resonance type converter with a power 
factor improving circuit feeds back a voltage resonance 
pulse voltage generated in a primary-side voltage reso- 
nance converter to fast recovery type diodes via a terti- 
ary winding or the tertiary winding and a series resonant 
capacitor by magnetic coupling to thereby improve a 



power factor to 0.9, and achieves an improvement in 
AC/DC conversion efficiency and a reduction in a ripple 
component of a direct-current output voltage by voltage 
doubler rectifier operation. Also, a first rectifier circuit 
and a second rectifier circuit shunt the current to be 
stored in a smoothing means, so that a range of zero 
volt switching operation is not narrowed even when the 
power factor is improved. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a switching 
power supply circuit having a power factor improving 
function. 

[0002] Figs. 10 and 11 are circuit diagrams showing 

different examples of a power factor improving circuit in 

a switching power supply circuit. Fig. 11 shows only the 

section of a power factor improving circuit. 

[0003] Fig. 10 shows a power factor improving circuit 

20a of a capacitive coupling type using capacitor voltage 

division. 

[0004] The power supply circuit is formed by providing 
a self-excited voltage resonance type switching convert- 
er with the power factor improving circuit 20a for improv- 
ing the power factor. 

[0005] The power supply circuit shown in the figure is 
provided with a bridge rectifier circuit Di for subjecting a 
commercial alternating-current power AC to full-wave 
rectification. 

[0006] An output rectified by the bridge rectifier circuit 
Di is stored in a smoothing capacitor Ci via the power 
factor improving circuit 20a, whereby a rectified and 
smoothed voltage Ei is obtained across the smoothing 
capacitor Ci. 

[0007] For description of the voltage resonance type 
converter, reference is to be made to embodiments of 
the present invention. 

[0008] A parallel resonant capacitor Cr is connected 
to a collector of a switching device Q1 . Capacitance of 
the parallel resonant capacitor Cr and leakage induct- 
ance L1 on the primary winding N1 side, of an isolating 
converter transformer PIT form a primary-side parallel 
resonant circuit of the voltage resonance type converter. 
During the off period of the switching device Q1 , a volt- 
age across the resonant capacitor Cr practically forms 
a sinusoidal pulse waveform as a result of the effect of 
the parallel resonant circuit, and thus a voltage reso- 
nance type operation is obtained. 
[0009] The power factor improving circuit 20a has a 
choke coil Ls and a fast recovery type diode D1 con- 
nected in series with each other and inserted between 
a positive output terminal of the bridge rectifier circuit Di 
and a positive terminal of the smoothing capacitor Ci. A 
filter capacitor CN is provided in parallel with the series 
connection circuit of the choke coil Ls and the fast re- 
covery type diode D1, thereby forming a normal-mode 
low-pass filter in conjunction with the choke coil Ls. 
[0010] A parallel resonant capacitor C10 is provided 
in parallel with the fast recovery type diode D1 . The par- 
allel resonant capacitor C1 0 forms a series resonant cir- 
cuit in conjunction with the choke coil Ls. The series res- 
onant circuit thereby has an effect of controlling increase 
in the rectified and smoothed voltage Ei at light load. 
[0011] The parallel resonant capacitor Cr is connect- 
ed to the power factor improving circuit 20a at a node 
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that connects the choke coil Ls, an anode of the fast 
recovery type diode D1, and the parallel resonant ca- 
pacitor C10 with each other, so that a switching output 
obtained in the primary-side parallel resonant circuit is 

5 fed back to the power factor improving circuit 20a. 

[0012] Thus, with the configuration of the powerfactor 
improving circuit 20a shown in the figure, the switching 
output obtained in the primary-side parallel resonant cir- 
cuit is fed back to the rectified current path via the ca- 

10 pacitive coupling of the parallel resonant capacitor Cr. 
[001 3] Since the parallel resonant capacitor Cr is con- 
nected to the anode of the fast recovery type diode D1 
in the powerfactor improving circuit 20a, the parallel res- 
onant capacitor Cr and the parallel resonant capacitor 

15 C10 are in a state of being connected in series with each 
other. Specifically, a voltage resonance pulse voltage 
appearing as a voltage across the parallel resonant ca- 
pacitor Cr is divided by a capacitance ratio between the 
parallel resonant capacitor Cr and the parallel resonant 

20 capacitor C1 0. The voltage is fed back to the smoothing 
capacitor Ci via the parallel resonant capacitor C1 0 con- 
nected in parallel with the fast recovery type diode D1 , 
and thus a circuit system of a voltage feedback type is 
formed. 

25 [0014] This circuit configuration divides a primary- 
side voltage resonance pulse voltage Vcp = 600 V, for 
example, into voltages in a ratio of about 3:1 by means 
of the primary-side parallel resonant capacitors Cr and 
C10, and then feeds back a high-frequency sinusoidal 

30 pulse voltage of 1 50 V. 

[0015] At times near a positive and a negative peak 
of an alternating-current input voltage VAC, the fast re- 
covery type diode D1 conducts, and the smoothing ca- 
pacitor Ci is charged with a steep pulse charging current 

35 from the alternating-current input power supply AC. 
[0016] At other than the times near the positive and 
negative peaks of the alternating-current input voltage 
VAC, the fast recovery type diode D1 is allowed to re- 
peat switching operation by the pulse voltage being fed 

40 back. During the off period of the fast recovery type di- 
ode D1 , a parallel resonance current caused by the par- 
allel resonant capacitor Cr, the inductance LS, and the 
capacitor CN flows. During the on period of the fast re- 
covery type diode D1 , a high-frequency charging current 

45 flows from the alternating-current input power supply AC 
to the smoothing capacitor Ci via the inductance LS. 
[0017] This operation increases the conduction angle 
of an alternating input current IAC, thereby making it 
possible to improve the power factor. 

50 [0018] Fig. 11 shows a power factor improving circuit 
20b of a diode coupling type using a tertiary winding sys- 
tem. 

[0019] The power factor improving circuit 20b has a 
choke coil LS and a Schottky diode D1s connected in 
55 series with each other and inserted between the positive 
output terminal of the bridge rectifier circuit Di and the 
positive terminal of the smoothing capacitor Ci. 
[0020] A filter capacitor CN is inserted in parallel with 
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the series connection of the choke coil LS and the 
Schottky diode D1s, thereby forming a normal-mode 
low-pass filter in conjunction with the choke coil LS. 
[0021] A tertiary winding N3 of an isolating converter 
transformer PIT is connected via a series resonant ca- 5 
pacitor C3 to a node that connects an anode of the 
Schottky diode D1 s and the choke coil LS with each oth- 
er, whereby the switching output voltage obtained in the 
primary-side parallel resonant circuit is fed back to the 
power factor improving circuit 20b. 
[0022] In this case, around peaks of the absolute val- 
ue of the alternating-current input voltage VAC, the 
Schottky diode D1s conducts, and a charging current 11 
flows from the alternating-current input power supply AC 
to the smoothing capacitor Ci via the choke coil LS and 
the Schottky diode D1 s. At the same time, a voltage res- 
onance pulse voltage of the tertiary winding N3 is fed 
back to a series circuit of the series resonant capacitor 
C3 and the Schottky diode D1s for switching operation 
of the Schottky diode D1s. Thereby, a flowing range of 
the alternating input current IAC is extended, and thus 
the power factor is improved. 

[0023] When the absolute value of the alternating-cur- 
rent input voltage VAC is lowered, the Schottky diode 
D1s becomes nonconductive, and the voltage reso- 
nance pulse voltage of the tertiary winding N3 is turned 
into a series resonance voltage by a series circuit of the 
series resonant capacitor C3, the choke coil LS, and the 
filter capacitor CN. 

[0024] The two circuit examples are shown above, 
and the configuration of Fig. 11 has the higher AC/DC 
power conversion efficiency T]AC/DC. Characteristics of 
the AC/DC power conversion efficiency r| AC/DC and the 
power factor PF in this case are shown in Figs. 12 and 
13. 

[0025] Fig. 1 2 shows characteristics of the power fac- 
tor PF and the AC/DC power conversion efficiency ri AC/ 
DC when the load power Po is varied from 40 W to 200 
W. Fig. 1 3 shows characteristics of variations in the pow- 
er factor PF and the AC/DC power conversion efficiency 
r|AC/DC when the alternating-current input voltage VAC 
is varied from 80 V to 260 V. 

[0026] As is understood from the figures, it is possible 
to maintain a power factor PF of 0.7 or more and achieve 
an AC/DC power conversion efficiency rjAC/DC of 90% 
or more over wide ranges of the load power and the al- 
ternating-current input voltage. 

[0027] However, a switching power supply circuit hav- 
ing the prior art power factor improving circuit 20a or 20b 
as described above has the following problems. 
[0028] First, increase of the amount of voltage feed- 
back to the power factor improving circuit 20 in a state 
of a maximum load power for improvement of the power 
factor to 0.8 or more extends a load power region and 
an alternating-current input voltage region where zero 
volt switching operation, a condition for stable operation 
of the primary-side voltage resonance converter, cannot 
be performed. Therefore, the power factor cannot be im- 



proved to 0.8 or more. 

[0029] Figs. 14A to 14J show operating waveforms of 
parts of the circuit example shown in Fig. 11 . 
[0030] Around the positive and negative peaks of the 
alternating-current input voltage VAC, a series reso- 
nance current IC3 of the tertiary winding N3 and the se- 
ries resonant capacitor C3 is superimposed on a current 
ID1 flowing from the inductance Ls and the Schottky di- 
ode D1 s. Thus, an excessive charging current as shown 
in Fig. 141 flows as a current 11 to the smoothing capac- 
itor Ci. 

[0031] Therefore, increase of the number of turns of 
the tertiary winding N3 for a larger amount of voltage 
feedback for improvement of the power factor PF nar- 
rows a load power region and an alternating-current in- 
put voltage region where zero volt switching operation, 
a condition for stable operation of the switching device 
Q1 of the primary-side voltage resonance converter, can 
be performed. This renders the zero volt switching op- 
eration unstable with variation in the load power Po and 
the alternating-current input voltage VAC. Thus, the 
power factor cannot be improved to 0.8 or more. 
[0032] In addition, the AC/DC power conversion effi- 
ciency rjAC/DC cannot be increased further in the state 
of the maximum load power. 

SUMMARY OF THE INVENTION 

[0033] An object of the present invention is to provide 
a switching power supply circuit having a power factor 
improving function, which is capable of performing a ze- 
ro volt switching operation without narrowing the range 
thereof even when the power factor is improved. 
[0034] To achieve the above object, according to the 
present invention, there is provided a switching power 
supply circuit, including: a smoothing means having two 
smoothing capacitors connected in series with each oth- 
er for smoothing a rectified current and thereby output- 
ting a double direct-current input voltage; an isolating 
converter transformer for transmitting an output on a pri- 
mary side thereof to a secondary side thereof, the iso- 
lating converter transformer including a gap formed so 
as to provide loose coupling at a desired coupling coef- 
ficient; a switching means including a switching device 
for interrupting the double direct-current input voltage 
and outputting the interrupted voltage to a primary wind- 
ing of the isolating converter transformer; a primary-side 
resonant circuit formed by at least a leakage inductance 
component of the primary winding of the isolating con- 
verter transformer and capacitance of a primary-side 
parallel resonant capacitor for converting operation of 
the switching means into voltage resonance type oper- 
ation; a power factor improving rectifier means for rec- 
tifying an alternating-current power and thereby supply- 
ing the rectified current to the smoothing means and for 
improving a power factor by interrupting the rectified cur- 
rent according to a switching output voltage obtained in 
the primary-side resonant circuit and fed back to the 
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power factor improving rectifier means via a series res- 
onant capacitor and a tertiary winding formed by winding 
a wire of the primary winding of the isolating converter 
transformer; a secondary-side resonant circuit formed 
on the secondary side by a leakage inductance compo- 
nent of a secondary winding of the isolating converter 
transformer and capacitance of a secondary-side reso- 
nant capacitor; a direct-current output voltage generat- 
ing means for rectifying an input alternating voltage ob- 
tained in the secondary winding of the isolating convert- 
er transformer and thereby generating a secondary-side 
direct-current output voltage, the direct-current output 
voltage generating means including the secondary-side 
resonant circuit; and a constant-voltage control means 
for effecting constant-voltage control of the secondary- 
side direct-current output voltage according to level of 
the secondary-side direct-current output voltage. 
[0035] The power factor improving rectifier means 
has a first rectifier circuit formed by two fast recovery 
type diodes connected in series with each other and a 
second rectifier circuit formed by two slow recovery type 
diodes connected in series with each other. The tertiary 
winding is connected via the series resonant capacitor 
to a node that connects the two fast recovery type di- 
odes with each other, whereby the switching output volt- 
age is fed back to the power factor improving rectifier 
means. Each of the two fast recovery type diodes inter- 
rupts the rectified current according to the fed-back 
switching output voltage, whereby the power factor is 
improved. 

[0036] Alternatively, the power factor improving recti- 
fier means may have a rectifier circuit formed by two fast 
recovery type diodes connected in series with each oth- 
er. The tertiary winding is connected via the series res- 
onant capacitor to a node that connects the two fast re- 
covery type diodes with each other, whereby the switch- 
ing output voltage is fed back to the power factor im- 
proving rectifier means. Each of the two fast recovery 
type diodes interrupts the rectified current according to 
the fed-back switching output voltage, whereby the pow- 
er factor is improved. 

[0037] With this configuration, the voltage resonance 
pulse voltage generated in the primary-side voltage res- 
onance converter is fed back to the powerfactor improv- 
ing rectifier means via the tertiary winding and the series 
resonant capacitor by magnetic coupling. Thereby, the 
flowing range of the alternating input current IAC is ex- 
tended, and thus the power factor can be improved to 
about 0.9, for example. 

[0038] In addition, by subjecting the alternating-cur- 
rent input to voltage doubler rectifier operation, it is pos- 
sible to improve AC/DC conversion efficiency and re- 
duce a ripple component of the direct-current output 
voltage. Also, the first rectifier circuit and the second 
rectifier circuit shunt the current to be stored in the 
smoothing means. Thus, it is possible to secure a zero 
volt switching operation range even when the powerfac- 
tor is improved. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] 

5 Fig. 1 is a circuit diagram of a switching power sup- 

ply circuit according to a first embodiment of the 
present invention; 

Fig. 2 is a circuit diagram of a switching power sup- 
ply circuit according to a second embodiment of the 

10 present invention; 

Fig. 3 is a sectional side view of an isolating con- 
verter transformer employed in the power supply 
circuits according to the embodiments; 
Figs. 4A and 4B are diagrams of assistance in ex- 

15 plaining operations when mutual inductance is +M 
and - M; 

Figs. 5A and 5B are diagrams of assistance in ex- 
plaining characteristics of a power factor and AC/ 
DC conversion efficiency in a switching power sup- 
20 p|y circuit according to an embodiment of the 
present invention; 

Figs. 6A and 6B are diagrams of assistance in ex- 
plaining characteristics of a power factor and AC/ 
DC conversion efficiency in a switching power sup- 
25 p|y circuit according to an embodiment of the 
present invention; 

Figs. 7A to 7G are waveform diagrams showing op- 
eration of the switching power supply circuit accord- 
ing to the first embodiment of the present invention; 
30 Figs. 8A to 8F are waveform diagrams showing op- 
eration of the switching power supply circuit accord- 
ing to the second embodiment of the present inven- 
tion; 

Fig. 9 is a circuit diagram of a switching power sup- 
35 ply circuit according to a third embodiment of the 
present invention; 

Fig. 10 is a circuit diagram showing a configuration 
of a prior art power supply circuit; 
Fig. 11 is a circuit diagram showing a configuration 
40 of a prior art power factor improving circuit; 

Fig. 12 is a diagram of assistance in explaining 
characteristics of a power factor and AC/DC con- 
version efficiency in the prior art switching power 
supply circuit; 

45 Fig. 13 is a diagram of assistance in explaining 
characteristics of a power factor and AC/DC con- 
version efficiency in the prior art switching power 
supply circuit; and 

Figs. 14A to 14J are waveform diagrams showing 
50 operation of the prior art switching power supply cir- 
cuit. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0040] Fig. 1 is a circuit configuration diagram of a 
switching power supply circuit according to an embodi- 
ment of the present invention, and Fig. 2 is a circuit con- 
figuration diagram of a switching power supply circuit 
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according to a second embodiment of the present in- 
vention. 

[0041 ] The power supply circuits shown in the figures 
are provided on the primary side with a voltage reso- 
nance type switching converter. The voltage resonance 
type converter is provided with a rectifier circuit having 
a power factor improving function, that is, a power factor 
improving rectifier circuit 10. 

[0042] The circuits in these examples are suitable for 
use in a case where an alternating-current input voltage 
VAC is about 100 V and a load power Po of 200 W or 
more is required. 

[0043] The power supply circuits shown in the figures 
have a line filter transformer LFT for a commercial alter- 
nating-current power supply AC. 
[0044] An alternating input current IAC is rectified by 
the power factor improving rectifier circuit 10, and 
smoothed by a pair of smoothing capacitors Ci1 and Ci2 
connected in series with each other, whereby the volt- 
age doubler rectifier system provides a rectified and 
smoothed voltage Ei twice that of a full-wave rectifier 
system. 

[0045] Configuration of the voltage resonance type 
converter will first be described. 

[0046] The voltage resonance type converter in the 
examples is self-excited, and provided with a switching 
device Q1 . In this case, a high voltage bipolar, transistor 
(Bipolar Junction Transistor) 1 is employed as the switch- 
ing device Q1, and has a withstand voltage of about 
1 500 V, for example. 

[0047] A base of the switching device Q1 is connected 
to a positive electrode side of the smoothing capacitor 
CM via a base current limiting resistance RB and a start- 
ing resistance RS, so that base current at the start of 
power supply is taken from a rectifying and smoothing 
line. Connected between the base of the switching de- 
vice Q1 and a primary-side ground is a resonant circuit 
for self-oscillation driving that is formed by connecting 
a driving winding NB, a resonant capacitor CB, and the 
base current limiting resistance RB in series with each 
other. 

[0048] A clamp diode DD inserted between the base 
of the switching device Q1 and a negative electrode of 
the smoothing capacitor Ci2 forms a path of clamp cur- 
rent that flows during the off period of the switching de- 
vice Q1. 

[0049] A collector of the switching device Q1 is con- 
nected to the positive terminal of the smoothing capac- 
itor Ci1 via a series connection of a primary winding N1 
and a detecting winding ND. An emitter of the switching 
device Q1 is connected to a ground on the primary side. 
[0050] A parallel resonant capacitor Cr is connected 
to the collector and emitter of the switching device Q1 . 
Capacitance of the parallel resonant capacitor Cr and 
leakage inductance L1 on the primary winding N1 side 
of an isolating converter transformer PIT, which will be 
described later, form a primary-side parallel resonant 
circuit of the voltage resonance type converter. During 



the off period of the switching device Q1, a voltage 
across the resonant capacitor Cr practically forms a si- 
nusoidal pulse waveform as a result of the effect of the 
parallel resonant circuit, and thus a voltage resonance 

5 type operation is obtained. 

[0051] An orthogonal type control transformer PRT 
shown in the figures is a saturable reactor provided with 
the detecting winding ND, the driving winding NB, and 
a control winding NC. The orthogonal type transformer 

10 PRT is provided to drive the switching device Q1 and 
effect control for constant voltage. 
[0052] The structure of the orthogonal type control 
transformer PRT is a cubic core formed by connecting 
two double-U-shaped cores each having four magnetic 

15 legs with each other at ends of the magnetic legs. The 
detecting winding ND and the driving winding NB are 
wound around two given magnetic legs of the cubic core 
in the same winding direction, and the control winding 
NC is wound in a direction orthogonal to the detecting 

20 winding ND and the driving winding NB. 

[0053] In this case, the detecting winding ND of the 
orthogonal type control transformer PRT, which is a fre- 
quency changing means, is connected in series with the 
primary winding N1 of the isolating converter transform- 

25 er PIT, so that the switching output of the switching de- 
vice Q1 is transmitted to the detecting winding ND via 
the primary winding N1. 

[0054] The switching output obtained by the detecting 
winding ND of the orthogonal type control transformer 

30 prt is induced in the driving winding NB via transformer 
coupling, whereby an alternating, voltage is generated 
as driving voltage in the driving winding NB. The driving 
voltage is outputted as driving current from a series res- 
onant circuit NB and CB, which forms the self-oscillation 

35 driving circuit, to the base of the switching device Q1 via 
the base current limiting resistance RB. Thus, the 
switching device Q1 performs switching operation at a 
switching frequency determined by the resonance fre- 
quency of the series resonant circuit NB and CB. 

40 [0055] As shown in Fig. 3, the isolating converter 
transformer PIT has an E-E-shaped core formed by 
combining E-shaped cores CR1 and CR2 made for ex- 
ample of a ferrite material in such a manner that mag- 
netic legs of the core CR1 are opposed to magnetic legs 

45 of the core CR2. The primary winding N1 and a second- 
ary winding N2 are wound around a central magnetic 
leg of the E-E-shaped core in a state of being divided 
from each other by a dividing bobbin B. Also, a gap G 
is formed in the central magnetic leg, as shown in Fig. 

50 3. Thus, a desired coupling coefficient k of 0.85 for ex- 
ample, that is, loose coupling is provided between the 
primary winding N1 and the secondary winding N2, and 
thereby a saturated state is not readily obtained. 
[0056] A tertiary winding N3 is formed by winding a 

55 wire of the primary winding N1 , as shown in Fig. 1 , or is 
wound around the same bobbin as the primary winding 
N1, as shown in Fig. 2, so that a coupling coefficient k 
of 0.95 for example, that is, close coupling is obtained 
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between the primary winding N 1 and the tertiary winding 
N3. 

[0057] The gap G can be formed by making the cen- 
tral magnetic leg of each of the E-shaped cores CR1 
and CR2 shorter than two outer magnetic legs of each 5 
of the E-shaped cores CR1 and CR2. 
[0058] An end of the primary winding N1 is connected 
to the collector of the switching device Q1 , whereas the 
other end of the primary winding N 1 is connected to the 
positive electrode of the smoothing capacitor Ci1 via the 10 
detecting winding ND, which is connected in series with 
the positive electrode of the smoothing capacitor Ci1. 
[0059] The tertiary winding N3 formed by winding the 
wire of the primary winding N1 functions as a feedback 
winding, and is connected via a series resonant capac- 15 
itor C3 to a node that connects fast recovery type diodes 
D1A and D1B with each other in the power factor im- 
proving rectifier circuit 1 0. 

[0060] An alternating voltage induced by the primary 
winding N1 is generated in the secondary winding N2 20 
on the secondary side of the isolating converter trans- 
former PIT In this case, a secondary-side parallel res- 
onant capacitor C2 is connected in parallel with the sec- 
ondary winding N2. Thereby, leakage inductance L2 of 
the secondary winding N2 and capacitance of the sec- 25 
ondary-side parallel resonant capacitor C2 form a par- 
allel resonant circuit. The parallel resonant circuit con- 
verts the alternating voltage induced in the secondary 
winding N2 into a resonance voltage. Thus, a voltage 
resonance operation is obtained on the secondary side. 30 
[0061] Thus, the power supply circuit is provided with 
the parallel resonant circuit to convert switching opera- 
tion into voltage resonance type operation on the prima- 
ry side and also the parallel resonant circuit to provide 
voltage resonance operation on the secondary side. 35 
Therefore, the power supply circuit is formed as what is 
referred to in the present specification as a complex res- 
onance type switching converter. 
[0062] In this case, a rectifier diode D01 and a 
smoothing capacitor C01 are connected to the parallel 40 
resonant circuit on the secondary side in a manner as 
shown in the figures, thereby providing a half-wave rec- 
tifier circuit to generate a direct-current output voltage 
E01. 

[0063] The direct-current output voltage E01 is also 45 
inputted from a branch point to a control circuit 1 . The 
control circuit 1 controls resonance frequency for 
switching the switching device Q1 using the direct-cur- 
rent output voltage E01 as a detection voltage, and 
thereby effects control for constant voltage. so 
[0064] More specifically, the control circuit 1 for exam- 
ple supplies a direct current whose level is changed ac- 
cording to level of the secondary-side direct-current out- 
put voltage E01 to the control winding NC of the drive 
transformer PRT as a control current, and thereby ef- 55 
fects control for constant voltage as described later. 
[0065] Mutual inductance M between the inductance 
L1 of the primary winding N1 and the inductance L2 of 



the secondary winding N2 in the isolating converter 
transformer PIT becomes +M or -M, depending on a re- 
lation between the winding direction of the primary wind- 
ing N1 and the secondary winding N2 and the connec- 
tion of the rectifier diode D01 . 

[0066] For example, a connection shown in Fig. 4A 
has a mutual inductance of +M (additive polarity), while 
a connection shown in Fig. 4B has a mutual inductance 
of -M (subtractive polarity). 

[0067] This will be applied to the secondary-side op- 
eration of the power supply circuit shown in Fig. 1 . When 
the alternating voltage obtained at the secondary wind- 
ing N2 has a positive polarity, for example, an operation 
that causes rectified current to flow in the rectifier diode 
D01 can be considered a +M operation mode. 
[0068] The control circuit 1 variably controls the in- 
ductance LB of the driving winding NB wound in the or- 
thogonal type control transformer PRT by changing the 
level of a control current flowing through the control 
winding NC according to change in the level of the sec- 
ondary-side direct-current output voltage E01. This re- 
sults in a change in resonance conditions of the series 
resonant circuit including the inductance LB of the driv- 
ing winding NB in the circuit for self-oscillation driving of 
the switching device Q1. This represents an operation 
of changing the switching frequency of the switching de- 
vice Q1 , by which the secondary-side direct-current out- 
put voltage is stabilized. 

[0069] When changing the switching frequency of the 
switching device Q1 , the circuit shown in Fig. 1 fixes the 
off period of the switching device Q1 , and variably con- 
trols the on period of the switching device Q1 . Specifi- 
cally, it may be considered that by variably controlling 
the switching frequency of the switching device as an 
operation for constant-voltage control, the power supply 
circuit controls resonance impedance for switching out- 
put, and at the same time, effects PWM control of the 
switching device within a switching cycle. This complex 
control operation is realized by a single control circuit 
system. 

[0070] In switching frequency control, the power sup- 
ply circuit increases the switching frequency when the 
secondary-side output voltage is raised with decreasing 
load, for example, and thus controls the secondary-side 
output. 

[0071] Configuration of the power factor improving 
rectifier circuit 10 in Fig. 1 will be described. 
[0072] The power factor improving rectifier circuit 10 
has an effect of rectifying the alternating input current 
IAC and an effect of improving its power factor. 
[0073] The alternating input is supplied to the two fast 
recovery type diodes D1A and D1B via inductance Ls 
of a choke coil. 

[0074] The fast recovery type diodes D1A and D1B 
are connected in series with each other between the 
positive terminal of the smoothing capacitor Ci1 and the 
primary-side ground, and thereby function as a first volt- 
age doubler rectifier circuit. The tertiary winding of the 
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isolating converter transformer PIT is connected via the 
series resonant capacitor C3 to a node that connects 
the fast recovery type diodes D1A and D1B with each 
other. 

[0075] A film capacitor is used as the series resonant 5 
capacitor C3. 

[0076] In addition, the alternating-current line is pro- 
vided with a series circuit of slow recovery type diodes 
Di1 and Di2 disposed between the positive terminal of 
the smoothing capacitor CM and the primary-side 
ground, and thereby the series circuit functions as a sec- 
ond voltage doubler rectifier circuit. 
[0077] Specifically, during a positive period of the al- 
ternating-current input voltage VAC, a current to be rec- 
tified flows through a path from the alternating-current 
power supply AC through the line filter transformer LFT, 
the inductance Ls, and the fast recovery type diode D1 B 
to the smoothing capacitor CM to be thereby stored in 
the smoothing capacitor Ci1, and at the same time, a 
current to be rectified flows through a path from the al- 
ternating-current power supply AC through the line filter 
transformer LFT and the slow recovery type diode DM 
to the smoothing capacitor CM to be thereby stored in 
the smoothing capacitor CM . 

[0078] During a negative period of the alternating-cur- 
rent input voltage VAC, a current to be rectified flows 
through a path from the alternating-current power sup- 
ply AC through the line filter transformer LFT, the 
smoothing capacitor Ci2, the primary-side ground, and 
the fast recovery type diode D1 A to the choke coil to be 
thereby stored in the smoothing capacitor Ci2, and at 
the same time, a current to be rectified flows through a 
path from the alternating-current power supply AC 
through the line filter transformer LFT, the smoothing ca- 
pacitor Ci2, and the primary-side ground to the slow re- 
covery type diode Di2 to be thereby stored in the 
smoothing capacitor Ci2. 

[0079] Thus, the two rectifier circuits divide the cur- 
rent to be rectified into two currents and then supply the 
currents to the smoothing capacitor CM or Ci2. 
[0080] The smoothing capacitors CM and Ci2 being 
connected in series with each other, a rectified and 
smoothed voltage Ei is extracted from the positive ter- 
minal side of the smoothing capacitor CM . 
[0081] The power factor improving function of the 
power factor improving rectifier circuit 10 is as follows. 
[0082] A switching output obtained in the primary-side 
parallel resonant circuit is fed back to the pair of fast 
recovery type diodes D1 A and D1 B via the tertiary wind- 
ing N3 and the series resonant capacitor C3 by magnet- 
ic coupling. 

[0083] As a result of the switching output thus fed 
back, an alternating voltage having a switching cycle is 
superimposed in the current rectifying path. The com- 
ponent of the superimposed alternating voltage having 
the switching cycle causes the fast recovery type diode 
D1 A or D1 B to interrupt the current to be rectified in the 
switching cycle. This interrupting effect also increases 



apparent inductance Ls. 

[0084] Thus, even in a period when level of rectified 
output voltage is lower than voltage across the smooth- 
ing capacitor CM or Ci2, a charging current flows to the 
smoothing capacitor CM or Ci2. 

[0085] As a result, the flowing range of the alternating 
input current IAC is extended, which results in an im- 
provement in the power factor. 

[0086] The tertiary winding N3 of the isolating convert- 
er transformer PIT is connected to a cathode of the fast 
recovery type diode D1 A via the series resonant capac- 
itor C3, thereby forming a voltage feedback circuit for 
feeding back a voltage resonance pulse voltage, or the 
switching output obtained in the primary-side parallel 
resonant circuit to a node connecting the fast recovery 
type diodes D1A and D1B and the choke coil LS with 
one another. 

[0087] Specifically, the voltage across the tertiary 
winding N3 is a negative pulse voltage, and this pulse 
voltage causes current resonance by the capacitance 
of the series resonant capacitor C3 and the inductance 
Ls to generate a voltage in the choke coil Ls. The voltage 
in the choke coil Ls is fed back to the smoothing capac- 
itors CM and Ci2. 

[0088] The voltage resonance pulse voltage generat- 
ed during the off period of the switching device Q1 is 
positive on the side of the smoothing capacitors CM and 
Ci2, and therefore even when the alternating-current in- 
put voltage VAC is lower than the voltage Ei obtained 
from the smoothing capacitors CM and Ci2, the alternat- 
ing input current IAC from the alternating-current power 
supply AC is stored in the smoothing capacitors CM and 
Ci2 if a value obtained by adding the pulse voltage of 
the tertiary winding N3 to the alternating-current input 
voltage VAC is higher than the voltage Ei. 
[0089] As a result, the conduction angle of the alter- 
nating input current IAC is increased, and thereby the 
power factor PF is improved. 

[0090] Exciting energy released by the tertiary wind- 
ing N3 is a changed form of charging energy for the 
smoothing capacitors CM and Ci2. The exciting energy 
is changed into charging current to charge the smooth- 
ing capacitors CM and Ci2, thus returning to charging 
energy. 

[0091] The two rectifier paths shunt the current to be 
stored in the smoothing capacitors CM and Ci2. 
[0092] This prevents an excessive charging current 
from flowing through the inductance Ls and the fast re- 
covery type diode D1B or D1A around a positive and a 
negative peak of the alternating-current input voltage 
VAC. Thus, it is possible to prevent limitations in zero 
volt switching operation around the peak values of the 
alternating-current input voltage VAC. 
[0093] Thus, conditions for stable zero volt switching 
operation over the entire range against variation in load 
power Po and the alternating-current input voltage VAC 
are satisfied even when the number of turns of the ter- 
tiary winding N3 is increased for a larger amount of volt- 
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age feedback. 

[0094] It is therefore no problem to increase the 
amount of voltage feedback and improve the power fac- 
tor to 0.8 or more, for example. 

[0095] Configuration of a power factor improving rec- 5 
tifier circuit 10A in Fig. 2 will be described. 
[0096] A choke coil having an inductance Ls is con- 
nected in series with the alternating-current line, and 
one end of the tertiary winding N3 of the isolating con- 
verter transformer PIT is connected to the inductance M> 
Ls. The other end of the tertiary winding N3 is connected 
to a node that connects fast recovery type diodes D1 A 
and D1 B in series with each other between the positive 
terminal of the smoothing capacitor Ci1 and the primary- 
side ground. The fast recovery type diodes D1A and 15 
D1B thereby function as a first voltage doubler rectifier 
circuit. 

[0097] In addition, the alternating-current line is con- 
nected to a node that connects slow recovery type di- 
odes DM and Di2 in series with each other. The series 20 
circuit of the slow recovery type diodes Di1 and Di2 is 
disposed between the positive terminal of the smoothing 
capacitor CM and the primary-side ground, and thereby 
functions as a second voltage doubler rectifier circuit. 
[0098] Specifically, during a positive period of the al- 25 
ternating-current input voltage VAC, a current to be rec- 
tified flows through a path from the alternating-current 
power supply AC through the line filter transformer LFT, 
the inductance Ls, the tertiary winding N3, and the fast 
recovery type diode D1 B to the smoothing capacitor CM 30 
to be thereby stored in the smoothing capacitor CM , and 
at the same time, a current to be rectified flows through 
a path from the alternating-current power supply AC 
through the line filter transformer LFT and the slow re- 
covery type diode DM to the smoothing capacitor CM to 35 
be thereby stored in the smoothing capacitor CM. 
[0099] During a negative period of the alternating-cur- 
rent input voltage VAC, a current to be rectified flows 
through a path from the alternating-current power sup- 
ply AC through the line filter transformer LFT, the *o 
smoothing capacitor Ci2, and the primary-side ground 
to the fast recovery type diode D1 A to be thereby stored 
in the smoothing capacitor Ci2, and at the same time, a 
current to be rectified flows through a path from the al- 
ternating-current power supply AC through the line filter 45 
transformer LFT, the smoothing capacitor Ci2, and the 
primary-side ground to the slow recovery type diode Di2 
to be thereby stored in the smoothing capacitor Ci2. 
[0100] Thus, as in the power supply circuit shown in 
Fig. 1 , the two rectifier circuits shunt the current to be 50 
rectified to the two systems and then supply the current 
to the smoothing capacitors CM and Ci2. 
[0101] The smoothing capacitors CM and Ci2 being 
connected in series with each other, a rectified and 
smoothed voltage Ei is extracted from the positive ter- 55 
minal side of the smoothing capacitor CM . 
[0102] The power factor improving rectifier circuit 1 0A 
improves the power factor in the same manner as the 



power factor improving rectifier circuit 10. 
[01 03] In this case, the resonant capacitor is not pro- 
vided in the power factor improving rectifier circuit 10A, 
and therefore the current values of switching currents 1 1 
and 12 and the alternating input current IAC for positive 
polarity of the alternating-current input voltage VAC do 
not balance those for negative polarity of the alternating- 
current input voltage VAC. This results from an imbal- 
ance between the positive pulse voltage and the nega- 
tive pulse voltage of the tertiary winding N3. When the 
polarity of the tertiary winding N3 is reversed, the peak 
values of the switching currents 11 and 12 and the alter- 
nating input current IAC are also reversed. 
[0104] In addition, as in the power factor improving 
rectifier circuit 10 of the power supply circuit shown in 
Fig. 1 , the two paths in the power factor improving rec- 
tifier circuit 10A shunt the current to be stored in the 
smoothing capacitors CM and Ci2. This prevents an ex- 
cessive charging current from flowing through the in- 
ductance Ls and the fast recovery type diode D1B or 
D1 A around a positive and a negative peak of the alter- 
nating-current input voltage VAC. Thus, it is possible to 
prevent limitations in zero volt switching operation 
around the peak values of the alternating-current input 
voltage VAC. 

[0105] Figs. 5A and 5B and Figs. 7A to 7G show ex- 
perimental results and operating waveforms, respec- 
tively, of the switching power supply circuit of Fig. 1. 
Figs. 6A and 6B and Figs. 8A to 8F show experimental 
results and operating waveforms, respectively, of the 
switching power supply circuit of Fig. 2. 
[0106] Fig. 5A shows characteristics of variations in 
the power factor PF and AC/DC power conversion effi- 
ciency r| AC/DC when the alternating-current input volt- 
age VAC of the power supply circuit shown in Fig. 1 is 
100 V and its load power Po is varied from 40 W to 200 
W. Fig. 5B shows characteristics of variations in the 
power factor PF and AC/DC power conversion efficien- 
cy r|AC/DC when the load power Po is 200 W and the 
alternating-current input voltage VAC is varied from 80 
Vto 140 V. 

[0107] Fig. 6A shows characteristics of variations in 
the power factor PF and AC/DC power conversion effi- 
ciency r| AC/DC when the alternating-current input volt- 
age VAC of the power supply circuit shown in Fig. 2 is 
1 00 V and its load power Po is varied from 40 W to 200 
W. Fig. 6B shows characteristics of variations in the 
power factor PF and AC/DC power conversion efficien- 
cy tiAC/DC when the load power Po is 200 W and the 
alternating-current input voltage VAC is varied from 80 
Vto 140 V 

[0108] As is understood from Figs. 5A and 5B and 
Figs. 6A and 6B, the power factor PF can be improved 
to 0.9 or more, and also the AC/DC power conversion 
efficiency r| AC/DC can be improved. 
[0109] Thus, in this case, the rectified and smoothed 
voltage Ei twice that of a full-wave rectifier system is ob- 
tained from the alternating-current input voltage VAC by 
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the voltage doubler rectifier system. The primary current 
flowing through the primary winding N1 of the isolating 
converter transformer PIT is accordingly reduced to 1/2 
of that of the conventional example. Therefore, the AC/ 
DC power conversion efficiency T|AC/DC of the power 5 
supply circuit shown in Fig. 1 is improved from 91 .8% of 
the conventional circuit example as shown in Fig. 12 to 
93.0%, and the AC/DC power conversion efficiency r| 
AC/DC of the power supply circuit shown in Fig. 2 is im- 
proved to 93.7%. Thus, the input power of the power 10 
supply circuit shown in Fig. 1 is reduced by about 2.8 
W, and the input power of the power supply circuit shown 
in Fig. 2 is reduced by about 5.2 W. 
[0110] Of course, the power factor PF and the AC/DC 
power conversion efficiency ri AC/DC can be main- 15 
tained at certain levels over wide varying ranges of the 
load power Po and the alternating-current input voltage 
VAC. 

[0111] Figs. 7A to 7G and Figs. 8A to 8F show oper- 
ating waveforms of parts of the power supply circuit of 20 
Fig. 1 and those of the power supply circuit of Fig. 2, 
respectively, when the load power Po is 200 W and the 
alternating-current input voltage VAC is 1 00 V at 50 Hz. 
[0112] Figs. 7C and 7E show a current 12 flowing 
through the second rectifier circuit and a current 11 flow- 25 
ing through the first rectifier circuit, respectively. Around 
the peak values of the alternating-current input voltage 
VAC, a current of 10 Ap, for example, flows in the prior 
art power supply circuit shown in Fig. 10. In the present 
embodiment, the current is divided into a low-frequency 30 
current of 5 Ap as the current 12 and a high-frequency 
current of 5 Ap as the current 11 . 
[0113] This means that the currents flowing through 
the slow recovery type diodes Di1 and Di2 and the cur- 
rents flowing through the fast recovery type diodes D1 A 35 
and D1B will not become excessive. 
[0114] In addition, as is shown by a current 13 in Fig. 
7D, even in a period when the alternating-current input 
voltage VAC is somewhat lowered from the peak value, 
the current 13 superimposed by the alternating voltage 40 
generated in the tertiary winding N3 switches the fast 
recovery type diodes D1 A and D1 B, whereby the power 
factor is improved. 

[0115] Figs. 7C and 8C show the current 12 flowing 
through the second rectifier circuit. 45 
[01 1 6] Around the peak values of the alternating-cur- 
rent input voltage VAC, the slow recovery type diode Di1 
or Di2 conducts, and thereby the current 12 flows from 
the alternating current input to the smoothing capacitor 
Ci1orCi2. 50 
[0117] Figs. 7D and 8D show the current 13 superim- 
posed in the first rectifier circuit by the alternating volt- 
age generated in the tertiary winding N3. Switching is 
performed by the superimposed current 13, whereby the 
waveform of the alternating input current IAC is expand- 55 
ed as shown in Figs. 7B and 8B. This results in an im- 
provement in the power factor. 

[0118] Moreover, in the present embodiment, since 
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the input current is divided into a low-frequency current 
and a high-frequency current and therefore the currents 
flowing through the fast recovery type diodes D1 A and 
D1B do not become excessive, zero volt switching op- 
eration is not limited around the peak values of the al- 
ternating-current input voltage VAC. Accordingly, the 
number of turns of the tertiary winding N3 can be in- 
creased from 2 T to 6 T, for example, for a larger amount 
of voltage feedback to thereby improve the power factor 
to 0.9 or more. 

[0119] Furthermore, the slow recovery type diodes 
DM and Di2 and the fast recovery type diodes D1 A and 
D1 B can reduce generation of heat due to great current. 
This eliminates the need for radiators. Also, diodes hav- 
ing small current capacity may be selected. 
[0120] Fig. 9 shows a circuit according to a third em- 
bodiment of the present invention. 
[0121] Similarly to the power supply circuit of Fig. 1 , 
the power supply circuit shown in Fig. 9 is provided with 
a voltage resonance type converter on the primary side 
and a series resonant circuit on the secondary side. 
[0122] Smoothing capacitors Ci1 and Ci2 are con- 
nected in series with each other, and fast recovery type 
diodes D1A and D1B perform voltage doubler rectifier 
operation. More specifically, a power factor improving 
rectifier circuit 10B in the switching power supply circuit 
is formed by removing the slow recovery type diodes 
Di1 and Di2 from the configuration of the power factor 
improving rectifier circuit 10 in Fig. 1. 
[0123] The switching power supply circuit in the 
present embodiment is provided on the primary side 
with an externally excited voltage resonance type con- 
verter employing a MOS-FET as a switching device 
Q10. 

[01 24] The switching device Q1 0 is driven for switch- 
ing operation by an oscillating circuit 2 and a driving cir- 
cuit 3. 

[01 25] Under control of a control circuit 1 , the oscillat- 
ing circuit 2 generates an oscillating signal having a de- 
sired frequency, and then outputs the oscillating signal 
to the driving circuit 3. On the basis of the oscillating 
signal, the driving circuit 3 generates a driving voltage 
for driving the switching device Q10, and then outputs 
the driving voltage to the switching device Q1 0. The con- 
trol circuit 1 controls oscillation frequency of the oscil- 
lating circuit 2 according to a secondary-side direct-cur- 
rent output voltage E01 . 

[0126] Thus, the switching device Q10 performs ex- 
ternally excited switching operation, and also the direct- 
current output voltage is stabilized. 
[0127] A rectifier circuit system formed by connecting 
a secondary-side series resonant capacitor C2, rectifier 
diodes D01 and D02, and a smoothing capacitor C01 in 
a manner as shown in the figure is provided on the sec- 
ondary side of an isolating converter transformer PIT. 
Thus, the rectifier circuit system forms a voltage doubler 
half-wave rectifier circuit including a secondary-side se- 
ries resonant circuit comprising the secondary-side se- 
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ries resonant capacitor C2 and a secondary winding N2. 
[0128] The power factor improving rectifier circuit 10B 
is the same as the power factor improving rectifier circuit 
10 in Fig. 1 except that the second rectifier circuit com- 
prising the slow recovery type diodes DM and Di2 is not 5 
formed in the power factor improving rectifier circuit 1 0B. 
The fast recovery type diodes D1A and D1B forming a 
first rectifier circuit perform voltage doubler rectifier op- 
eration, and are switched by a current 13 superimposed 
in the first rectifier circuit by an alternating voltage gen- 10 
erated in a tertiary winding N3. A conducting range of 
the fast recovery type diode D1 B or D1 A is thereby wid- 
ened, which results in an improvement in the power fac- 
tor. 

[0129] Since the second rectifier circuit is not formed is 
in the power factor improving rectifier circuit 10B, how- 
ever, the current to be stored in the smoothing capacitor 
Ci is not shunted even around the peak values of the 
alternating-current input voltage VAC. Therefore, stable 
zero volt switching operation is limited to part of a de- 20 
sired alternating-current input voltage range or load var- 
iation range. Thus, when a power factor of 0.8 or less 
suffices, the power supply circuit can be used as a prac- 
tical circuit capable of stable zero volt switching opera- 
tion to improve AC/DC conversion efficiency and reduce 25 
ripple voltage. 

[0130] While embodiments of the present invention 
have been described, various other modifications there- 
of are conceivable. 

[0131] For example, complex resonance type switch- 30 
ing converters provided with a full-wave rectifier circuit, 
a voltage doubler rectifier circuit, a voltage quadrupler 
rectifier circuit or the like employing the secondary-side 
series resonant circuit may be formed as modifications 
of the embodiments. Thus, the embodiments are not 35 
specifically limited by the configurations of the resonant 
circuit and the rectifier circuit on the secondary side. 
[01 32] In addition, while a so-called single-ended con- 
figuration provided with one switching device has been 
described as the voltage resonance type converter on *o 
the primary side, the present invention is also applicable 
to a so-called push-pull system, which switches two 
switching devices alternately. 

[01 33] While the preferred embodiment of the present 
invention has been described using specific terms, such 45 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 



Claims 

1. A switching power supply circuit comprising: 

a voltage doubler rectifier means including a 
first pair of rectifier diodes connected in series 
with each other, a second pair of diodes con- 



nected in series with each other and connected 
via a coil in parallel with said first pair of rectifier 
diodes connected in series with each other and 
a pair of smoothing capacitors connected in se- 
ries with each other for performing voltage dou- 
bler rectifier operation on an alternating-current 
input voltage; 

a switching means including a switching device 
for interrupting a double direct-current voltage 
from said voltage doubler rectifier means; 
an isolating converter transformer including a 
primary winding, a secondary winding, and a 
tertiary winding for transmitting a switching out- 
put obtained in said primary winding by said 
switching means to said secondary winding 
and said tertiary winding; 
a primary-side resonant means formed by at 
least a leakage inductance component of the 
primary winding of said isolating converter 
transformer and capacitance of a primary-side 
parallel resonant capacitor for converting oper- 
ation of said switching means into voltage res- 
onance; and 

a feedback means for feeding back a switching 
output voltage transmitted to said tertiary wind- 
ing to said second pair of diodes connected in 
series with each other. 

2. A switching power supply circuit as claimed in claim 
1 , wherein said switching output voltage transmitted 
to said tertiary winding is fed back via a series res- 
onant capacitor connected in series with said terti- 
ary winding. 

3. A switching power supply circuit as claimed in claim 
1 or 2, wherein a fast recovery type diode is used 
as each of said second pair of diodes connected in 
series with each other; and 

each of a pair of said fast recovery type diodes 
performs rectification according to the switching 
output voltage fed back by said feedback means 
and thereby improves a power factor. 

4. A switching power supply circuit as claimed in any 
one of the preceding claims, further comprising: 

a secondary-side resonant circuit formed on 
the secondary side by capacitance of a second- 
ary-side resonant capacitor and a leakage in- 
ductance component of said secondary wind- 
ing obtained by loosely coupling said primary 
winding and said secondary winding of said iso- 
lating converter transformer to each other; 
a direct-current output voltage generating 
means for rectifying an alternating voltage ob- 
tained in said secondary winding and thereby 
generating a secondary-side direct-current out- 
put voltage, the direct-current output voltage 



10 




EP1 172 924 A2 



generating means including said secondary- 
side resonant circuit; and 
a constant- voltage control means for effecting 
constant-voltage control of said secondary- 
side direct-current output voltage according to 5 
level of said secondary-side direct-current out- 
put voltage. 



A switching power supply circuit as claimed in claim 
4, wherein said constant-voltage control means ef- 10 
fects constant-voltage control of said secondary- 
side direct-current output voltage by controlling res- 
onance frequency of said primary-side resonant 
means according to the level of said secondary-side 
direct-current output voltage. *5 
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